The grey level co-occurrence matrix is a measure of the texture of an image. It describes how often different combinations of pixel brightness values occur in an image. Based on this, several textural attributes can be calculated. We apply a workflow for full 3D GLCM calculation to synthetic data and a real data example from the Vienna Basin. The aim of this work is to test the GLCM attributes on their applicability for anisotropy detection. For this purpose we calculate the GLCM attributes in single space directions and compare the results of these calculations to each other.
Introduction
The grey level co-occurrence matrix is a measure of the texture of an image. It describes how often different combinations of pixel brightness values occur in an image. Based on this, several textural attributes can be calculated. We apply a workflow for full 3D GLCM calculation to synthetic data and a real data example from the Vienna Basin. The aim of this work is to test the GLCM attributes on their applicability for anisotropy detection. For this purpose we calculate the GLCM attributes in single space directions and compare the results of these calculations to each other.
Method
The grey level co-occurrence matrix (GLCM) and its derived attributes are tools for image classification that were initially described by Haralick et al. (1973) . Principally, the GLCM is a measure of how often different combinations of pixel brightness values occur in an image. Commonly, the GLCM calculation is done on 2D images. In seismic attribute analysis we work often with 3D seismic data. Therefore, it is necessary to adapt the 2D GLCM calculation to the third dimension (e.g. Eichkitz et al., 2012b Eichkitz et al., , 2012c Eichkitz et al., , and 2013 . In literature several papers on the application of GLCM for seismic attribute calculation are available (e.g. Vinther et al., 1996; Gao, 1999 Gao, , 2003 Gao, , 2007 Gao, , 2008a Gao, , 2008b Gao, , 2009 Gao, , 2011 West et al., 2002; Chopra and Alexeev, 2005 , 2006a , 2006b Yenugu et al., 2010; de Matos et al., 2011) . All these authors use in principal only a two-dimensional approach, or restrict the GLCM calculation to a few space directions. In three dimensions any sample point has 27 neighbouring sample points. These neighbouring sample points are aligned in 13 space directions ( Figure 1 ). Our workflow allows the full GLCM calculation in all 13 space directions. These directions can be either used in single calculations, or it is possible to combine several directions for the GLCM calculation.
Figure 1 The number of principal neighbors for one sample point can be best explained by looking at a Rubik's cube (a). The center of the Rubik's cube (core mechanism for rotating the cube, red box in (b)) has in total 26 neighboring boxes (including diagonal neighbors). These boxes are aligned in 13 possible directions. Similar to that, a sample point within a seismic subvolume has 26 neighbors aligned in 13 directions (c). In the developed workflow it is possible to calculate the GLCM along single directions, along combinations of directions (e.g. inline direction, crossline direction, …), or all directions can be calculated at once. Image modified after Eichkitz et al. (2013).
The developed workflow is first applied onto a synthetic data set (Figure 2 ) to test the principal applicability of the algorithm for direction dependent GLCM calculation. These first calculations verified the idea of direction dependent GLCM calculation. Therefore, we decided to use this approach also on a real data example from the Vienna Basin. For this case study the results of the GLCM calculations are also compared to enhanced semblance-based coherence depth-slices (Eichkitz et al. 2012a 
Figure 3 Results for the calculation of direction based GLCM calculation. Calculation of the GLCMbased Energy attribute was done using a window size of 3 x 3 x 11 samples and 128 grey levels. The windows size used for this calculation was 3 x 3 x 11 samples. The image shows that depending on the direction used different features of the channel are highlighted. Calculation in single direction leads in some parts to noisy images.
With the help of GLCM-based attributes it is possible to highlight the same channel structure as in the coherence cube. Furthermore, the GLCM attributes reveal information about the channel interior, which cannot be seen in the coherence. Calculation in specific space directions indicates an anisotropy th EAGE Conference & Exhibition 2014
Amsterdam RAI, The Netherlands, 16-19 June 2014 effect in the data. In figure 3 the results of GLCM-based Energy attribute for all 13 single directions is displayed. Clearly, the channel is more pronounced in several directions (e.g. azimuth 0° and dip 0°), whereas in some directions (e.g. azimuth 0° and dip 90°) the channel is poorly illuminated. To enhance these anisotropy effects it is possible to calculate difference maps to visualize the major and minor anisotropy directions.
In our workflow it is possible to combine several directions (in inline, crossline, timeslice direction) or to calculate all these directions at once. The calculation in multiple directions (figure 4) supress noise in the data and the channel structure is better illuminated. Nevertheless, the combined calculation might miss subtle features that can be seen in single direction calculation. Especially, any anisotropy effects within the data are not highlighted. 
Figure 4 In the developed workflow it is

Conclusions
Depending on the GLCM parameters (number of grey levels, analysis window, attribute, and direction of calculation) the results of the attribute calculation might differ. In this work we focused on the effect of the direction of calculation. In three dimensions the calculation can be done in 13 principal space directions. The calculation of the same GLCM-based attributes with the same number of grey levels and the same analysis window showed that it is possible to highlight direction dependent features. This might give a clue about anisotropy within a project area. For further investigations on that topic it is necessary to correlate these results with anisotropy information from log data.
